A theoretic treatm en t is given for th e planar ethylene-like (Z>2 a) model, th e corresponding tw isted (right-angled) model (Doa), and th e general case of D2 sym m etry. The correlations between the various sym m etry species which pertain to the molecular vibrations of th e con sidered models are explained. Complete sets of sym m etry coordinates are proposed. The G m atrix is given for the general Do model. Also th e various types of Coriolis couplings are discussed, including the relationships between C a elem ents involving th e degenerate a a n d b species in the tw isted (D2d) model. Some of the most im portant C a elem ents are listed.
A theoretic treatm en t is given for th e planar ethylene-like (Z>2 a) model, th e corresponding tw isted (right-angled) model (Doa), and th e general case of D2 sym m etry. The correlations between the various sym m etry species which pertain to the molecular vibrations of th e con sidered models are explained. Complete sets of sym m etry coordinates are proposed. The G m atrix is given for the general Do model. Also th e various types of Coriolis couplings are discussed, including the relationships between C a elem ents involving th e degenerate a a n d b species in the tw isted (D2d) model. Some of the most im portant C a elem ents are listed.
Sets of sym m etry coordinates are also given for the allene (Z>2 <z) and butatriene (D-zh) type models.
This is a continuation of the series1-2 of papers dealing w ith sta n d a rd expressions of im portance in molecular vibrations for a nu m b er of m olecular models. The specification of su itable sets o f sy m m etry coordinates is regarded as th e essential su b jec t of this work. In th e present p ap er prim arily th e sym m etrical X 2Y4 models are treated , viz. th e plan ar ethylene-like D^h model an d th e tw isted (right-angled) X 2Y4 of D^d sym m etry, which both are special cases o f th e ap p ro p riate D 2 model. In addition a tre a tm e n t is given for th e two related models of W X 2Y4 (Z>2d) and W2X 2 Y4(D2Ä).
S ym m etrical X2Y 4 M odels

Introduction
The ethylene-type model has been tre a te d th e o retically by m any investigators, a n d m any spectro scopic works have been published concerning mole cules which belong to this s tru c tu re : firstly ethylene itself, b u t also halogenated ethylenes and dinitrogen tetroxide. We do not find it necessary to give an extensive list of references to works of this kind here; th e reader m ay refer to a bibliography of 48 references elsewhere3, along w ith additional more recent papers 4-8 and references cited therein.
As to the orientation of cartesian axes in the ethylene-type X 2Y 4 model the m ost common usage is to take x along the X X atom s and 2 perpendicular to the molecular plane in accord w ith H e r z b e r g 9. In particular this orientation has been chosen in th e extensive works on ethylenes by C y v i n and C y v i n et a l.3>6> i o -1 4 . U nfortunately it contradicts M u l l ik e n 's 15 recom m endations, according to which x should be taken as perpendicular to th e molecular plane, and 2 along X X . In th e first p a rt of this series Scand. 18, 1309 Scand. 18, [1964 . 11 B . N. C y v i n and S. J . C y v i n , A cta C h e m . Scand. 18, 1690 Scand. 18, [1964 , 12 B . N. C y v i n , S. J . C y v i n , L. A. K r i s t i a n s e n , and J .
B r u n v o l l , Acta C h e m . Scand. 19, 989 [1965] . on te n ta tiv e ly standardized sym m etry coordinates1 th e urgency to follow M u l l i k e n 's recom m endations is strongly advocated. In consistence w ith this view we have adopted th e la tte r orientation (with x p e r pendicular to th e m olecular plane) for th e planar X 2 Y 4 model in th e present paper. As a consequence o f th e change from th e form er o rie n ta tio n 9'12 to the la tte r [of th e p resent paper] th e species notations B\g, Bin and B3u m u st be changed to B3g, B3u an d B \u, respectively.
T he tw isted X 2 Y 4 model of D2a sym m etry is not v ery common, b u t B 2CI4 in th e gas phase has been a ttrib u te d to th a t stru c tu re 16'17.
Symmetry and Orientation
The stru ctu ral p aram eters including th e angle of ro ta tio n (2 T), and th e valence coordinates are explained by Fig. 1 . W ith th e here chosen orienta tions th e p lanar (D2h) and tw isted (D2d) configura tions appear to be th e special cases of th e D 3 model w hen T = 0 an d 2 T = n\2, respectively. I t is possible to co nstruct th e sym m etry coordinates (cf. n e x t section) in such a w ay th a t form ally th e same expressions apply to all the considered models of the th ree sym m etries. The ap propriate correlation schem e is given in Fig. 2 . 
Symmetry Coordinates
In th e following we give for th e sake of conveni ence th e full specification of suitable sym m etry coordinate sets for th e p lanar and tw isted X 2Y 4 models, in spite of th e fact th a t th e expressions form ally are th e same, only given in a different order. B u t for th e general model of D2 sym m etry we do n o t include th e corresponding set of sym m etry coordinates in order to avoid too m uch repetition. Again th e expressions are the same, and th e com plete set can easily be deduced w ith the aid of th e correlation scheme in Fig. 2 . 
G Matrices
The G m a trix for th e p la n a r X 2Y 4 model given by C y v in e t a l.12 applies to th e present sym m etry coordinates w hen th e changed species n o tatio n (cf. Section 1.1 above) is tak en in to account. H ere we give th e G m a trix (Table 1) in th e general case for th e X 2 Y 4 m odel of D2 sym m etry. The special forms for th e plan ar (D2h) and tw isted (D2a) models are easily deduced b y p u ttin g T -0 and T = n\4, respectively. I n th e la tte r case (T = 71 j4) it is seen th a t th e respective elem ents o f th e B2 and B% species coincide. This is a p a rt of th e sym m etry requirem ents, since these tw o blocks are correlated w ith th e degenerate blocks o f E(a) and E(b) in the D2a model (cf. Fig. 2) . Also otherwise it is found th a t the sym m etrization of G for th e tw o special models tu rn s out correctly in accord w ith th e correlation scheme of Fig. 2 ; all elem ents com bining sym m etry coordinates from different species vanish.
Ca Matrices
N um erous types of Coriolis couplings exist in the here considered m olecular models. Fig. 3 gives a survey of these types and shows th e correlations between them as regard to th e models of different sym m etries. The Ca ( a = x, y, z) elem ents for the planar X 2Y 4 (D2h) m odel given by C y v i n e t a l.12 are sound when th e species n o tatio n is tak en into account as explained in Section 1.1. The m ost im p o rta n t one of the Coriolis couplings in question is the ty p e of E(a) x E(b) for th e tw isted X 2Y 4 (D2a) m odel; it contains the couplings betw een degenerate coordinate pairs (Qfa, Qib), which consequently are attached to th e same frequency. F o r th e sake of brevity we give here (Table 2) Table 2 .
Finally in this section we w ant to rep o rt the regularities for Ca elem ents of th e types which combine the degenerate species (E) w ith one non- degenerate in th e considered D^d model. These regularities depend on th e orientation of the d e generate coordinates w ith respect to th e cartesian axes. W ith th e orientation chosen here ( Fig. 1) one has:
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(ii) For the B ix E type = Cixta, Cixtb -CiVta = 0. while (iii) For the B2x E ty p e Ctxtb = -Civta, while Cixta = Ciytb = 0 .
(i) F or th e A i X E ty p e C^tb = -Cixta when S t is a coordinate from species A i, while (Sta, Stb) is a degenerate pair from E. Sim ultaneously Ctxtb = CiVta = 0 .
T w isted S ym m etrical W X 2Y 4 M odel
In the following we w ant to specify a suitable set of sym m etry coordinates for th e allene molecule
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